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Asphaltene i s  ubiquitously present i n  Mtumens regardless of whether or 
not the sample is natural ly  occurring or thermally altered. 
t h a t  most naturally occurring bitumens have undergone a thermal maturation pro- 
cess during diagenesis.1 
ra t ion of asphaltene and res in  molecules from any f o s s i l  fuel sources. 
shale frm lacustr ine formation, such a s  that  of the Green River Fonnation 
contains 29 t o  4% of bitumens. 
Oil Shale but the content is only 956 t o  125. 
of asphaltene i n  r a w  oil shale t o  be as low as  two t o  five parts  per thousand. 

Durlq re tor t ing the kerogen undergoes thermal decomposition t o  oil. gas 
The intermediate is a fairly large amount of pgrobttumen 

It might be noted 

Therefore, t h e m 1  process is important i n  the gene- 
Oil 

There is asphaltene i n  bitumen from Green River 
This causes t h e  overall content 

a d  insoluble coke. 
which does contain asphaltene. 
reduction of pyrobitumen may account f o r  t h e  increase of coke fonnation. 
this manner t h e  asphaltene is formed i n  conventional o i l  shale. 

Since asphaltene is prone t o  form coke, t h e  
I n  

Although the content of asphaltene or res in  i n  shale oil may be low, they 
are responsible f o r  t h e  dark color  as w e l l  as the  viscosity. 
shale oil may be unique since it is high i n  nitrogen content and, consequently, 
t h e w  1,411 be a high ash content. 
carcinogenic since they are unique i n  shale oil asphaltene. 
nitrogen polycyclics may a l s o  exhibit the specific properties of emulsification 
of water and complexing of metals. 
stndy is d e r t a k e n .  

Asphaltene i n  

Furthermore, nitrogen polycycllcs may be 
The polar i ty  of the 

It is within this context that the  present 

A total of three shale oil samples w a s  used for this study. The o i l  shales 
used for the  study a r e  a l l  f ran the  Green River Formation. 
obtained frm Paraho Project, Paraho Syncrude (PS). 
the  oil is as follows: $2. 85.81 %H, 11.3: $3, 0.5: %N, 1.41 $0, 0.99; &ash and 
carbon residue, 2. The 01 gravity a t  700F is 27.81 SSU viscosi ty  a t  210°F is 
48.0. The flash point is 2900F. Water content is 2.8%. Seml-quantitative 
spectrographic analysis indicates t h a t  s i l icon.  sodium. i ron,  calcium, nlckel, 
vanadium and almlnum are major constituents. The second sample was a residue 
left from t h e  processing of the  PS through a delayed coke?, henceforth referred 
t o  as residue oFZ (80). 
Welding, a small one-ton ver t ica l  r e t o r t  i n  San Sernardino. 
referred t o  a s  Yd. 
also contains arsenic, copper a d  zinc. 

The first one was 
The chemical composition of 

The t h i r d  sample was the  o i l  obtained from Don's 

The difference between the D1d and the  PS is t h a t  the former 
Th i s  sample is 

Isolation of asphaltene was i n  accordance with the  t radi t ional  procedure 
of precipitation wlth 20-fold volume of n-pentane, ard followed by centrifiga- 
t i O n  and Soxhlet-extraction of t h e  solid with n-pentane. The crude asphaltene 
was dissolved in benzene, hot-filtered and the  benzene f i l t r a t e  was lyophilized 
t o  remove the  benzene, 
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CHARACTEIUZATION 

Various methods a re  employed for the characterization of shale o i l  
asphaltem. 
ultimate analyses, The percentages of carbon, hydrogen, nitrogen, and 
sulfur, as  well as the ash content i n  the  asphaltenes, w e r e  determined through 
elemental analysis i n  which high contents of nitrogen are found i n  samples, 
An empirical formula f o r  each asphaltene sample was determined f r m  vapor 
pressure osmometry (PO) measurement. 
tends t o  associate strongly even i n  the  d i lu t e  solution, the  usual analytical 
procedures f a i l  t o  d i f fe ren t ia te  between the molecular weight and par t ic le  
weight. 
column i n  a d i lu t e  solution under high pressure has been carried out t o  obtain 
asphaltene molecular weight of a single uni t  sheet, 
weight distributions of three samples i n  which DW shale o i l  asphaltenes contain 
a la rger  percentage of high molecular weight fraction, 
analyses of metals present i n  asphaltenes a re  l i s t e d  i n  Table 11. 
metal is an in tegra l  part of asphaltenes. 

Table I l i s t s  the  resu l t s  of isolated asphaltenes and t h e i r  

Since the complex molecule of asphaltene 

A technique of gel permeation chromatography (GFC) with CC Styragel 

Figure 1 shows molecular 

Semiquantitative 
Apparently 

A typical infared spectrum of potassium bromide pe l le t  from F5 asphaltene 
is given i n  Figure 2. 
all samples. 
hydrogen-bonded 0-3 or N-iI which interpretation has been reported i n  coals2,3 
an l  coal asphaltenes.4 Two low-intensity bands a t  3010 and 3050 a-1 represent 
aromatic C-H stretching. Wiberly5 has sham t h a t  the  a r m t i c  C-H band sh i f t s  
to values as high a s  3052 cm-1 ?s ring mber decreases. The strong absorption 
bands fa l l ing  between 2840 and 2950 cm-1 are  due t o  naphthenic and/or aliphatic 
C-H vibration. 
2885 a-1, and the  metwlene band, which is the strongest, a t  2915 an-1. 
Another methylene frequency occurs a t  2840 an-1. 
located as 1600 cm-1 has been assigned partly caused by a conjugated C - C  band 
an i  partly by carboqvl, C-O group, 
are due t o  bending frequency of symmetric C-CH3 and/or methlene, and symmetry 
C-CHj ,  respectively. 
may be assigned t o  aromatic oxygenated compounds, such a s  a r m a t i c  ethers.2 
Differences of absorption in tens i t ies  of these bands among three asphaltene 
samples a re  apparent €ram Fig. 3. 
PS asphaltene i n  comparison t o  i l l d e f i n e d  weak bands i n  the  spectra of DW and 
Ro asphaltenes a re  consistent with the highest value of O/C r a t i o  i n  FS asphal- 
tene (Table I). The long wavelength bands a t  860,800 and 750 a-1 are consi- 
dered aromatic out-of-plane frequencies and are  important with regard t o  the 
nature of the structure of arcmatic clusters,  The four-adjacent C-H bending band 
a t  720 an-1 and t h e  five-adjacent band a t  695 cm-1 a re  very weak in spectra (Fig. 
3). The long-chain a l e 1  band a t  735 cm-1 is only present i n  the  s p e c t m  
of Ro asphaltene. This long-chain methylene structure i n  RO asphaltene is 
fur ther  confirmed by the X-ray diffraction. 

i n  the X-ray scattering pattern (see Table III). 
i n  graphite and carbon blacks is accepted as representing the spacing between 
the layers of condensed aromatic system.5'7 The Y-band centered around (sing)/h 
= 0.10*0 11 A-1 has been assigned t o  be associated v i th  spacing i n  the  saturated 
partion.58 Accodingly, a comparative estimate of the aromaticity, fa,  can be 
made frm the areas of the  resolved peakes corresponding t o  the  Y- and the  (002)- 

A m b e r  of similarly well defined bands are  shown i n  
me broad absorption band centered a t  3220 cm-1 is assigned as  

The two vibrations of the methyl group are located a t  2950 and 

An intense absorption ba~# 

Two very intense balds a t  1455 and 1375 cm-1 

The group of bands located a t  1255, 1090 an3 1030 cm-1 

Three f a i r ly  def in i te  bands i n  the spectrum of 

A m b e r  of parameters can be obtained by resolving the Y-and (002)-bands 
The (002)-spacing which appears 
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balds.5 
m.sxip~m of the  (002)-band and the distance between the saturated portion of 
the molecule, dy, is obtained by using the value f r m  the Y - b a r d .  X-ray 
diffraction a l so  permits a determination of the average height of the  stack 
of a m a t i c  sheets, Lc, and the  average diameter of the  aromatic sheets, Ia 
based on the Schemer c rys t a l l i t e  size fonnula9 or on the Diamond's curve.10 
The X-ray d i f f rac t ion  pattern of the  RO asphaltene is strikingly d i f fe ren t  
from the others: it shows the  
a d  3.70A a s  shown i n  Fig. 4. 
has reported these t w o  peaks a s  wax-like long-chain alkyl cmpounds. 
r i son  with the doublet bands,the results of X-ray d i f f rac t ion  of t he  three 
samples are very similar. 
value of La, the layer diameter, among them. 

The distance between a rma t i c  sheets, dm. is obtained from the 

sharp doublet of (100)- and (200)-bands a t 4 . 1 5  
Y e d l  i n  his study of native asphaltic molecule, 

In  compa- 

It is t o  be noted t h a t  PS asphaltene has a smaller 

The hydroeen-distribution data obtained by 31R has been applied t o  the 
analysis of carbon structure,  with particular emphasis on estimating several 
important s t ruc tura l  parameters as  l i s t ed  i n  Table IV. 
of FS asphaltene is provided i n  Fig. 5 i n  which subgroups a re  assigned f o r  
aromatic a d  saturated hydrogen resonances.12 
nent peaks, it is possible t o  estimate values f o r  the degree of substi tution of  
the aranatic sheets. 
on t w o  parameters: one being the r a t i o  of hydrogen t o  carbon for t he  a-paraffinic 
groupings, an3 the  other re fers  t o  the r a t i o  f o r  a l l  nonaromatic groupings 
other than a-position. In this investigation, these two r a t io s  were given the 
value 2 f o r  all asphaltenes. Data from PPIR a lso  pennit the  detnnining of the 
shape of the  codensed aromatic sheets by estimating the  value of the  r a t io  of 
aromatic hydrogen t o  carbon of the hypothetical unsubstituted aromatic sheet. 
The results f o r  asphaltenes a r e  tabulated i n  Table IV. 
parameters including t o t a l  m b e r s  of aranatic ring carbon, substituted aromatic 
ring carbon, and aromatic ring per molecule, as w e l l  a s  the  average mber of 
carbon a t m s  per saturated substituent are shown i n  t h e  Same table. The HI/CA 
value fo r  RO asphaltene is loner than those of the  FS and DW asphaltenes. The 
number of rings i n  the condensed aromatic ring system per molecule varies from 
one, as i n  the  case of DW asphaltene, t o  3-4 i n  the  case of the  RO asphaltene. 

A typical WR spectrum 

From the  area under the compo- 

The aromaticities obtained from NMR data depend largely 

The other s t ruc tura l  

DISCUSSfON 

In f o s s i l  fuel conversion, it is generally recognized t h a t  asphaltene 
is the t rans i t ion  stage from f o s s i l  fue l  source t o  oil products. 
the asphalbne generation and elimination is one of the  main and important 
control factors of the conversion process. 
structural  of the  shale o i l  asphaltene is presented in t h i s  paper. 

d u e , l 3  the  a r m a t i c i t y  of asphaltene ranges from 0.4 t o  0.5. 
perature retorting of oil shale tends t o  yleld more aromatic hydrocarbons than 
those which are present i n  the  original raw o i l  shale, the l a t t e r  has urder 
gone maturation. The thermally induced aromatizatio for the difference in- 
ProPertfeS of asphaltene series is well rec0gnized.l' For example, asphaltene 
fraction can be converted i n t o  carbene fraction and resin f rac t ion  can a l so  be 
converted i n t o  asphaltene fraction.l5 All these conversions can be accmplished bs t h e m 1  processes. 

Therefow, 

Present knowledge of the skeletal  

In contrast  with the carbon skeletons of kerogen which has verg lov fa 
The high tem- 
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The Proton NllR spectra of the shale oil asphaltene a re  similar t o  those 
of the Petroleum asphaltene and o f t h e  coal-derived asphaltenes a s  well. The 
degree of substitution, uor CSU/HI of the  shale o i l  asphaltene is larger than 
0.5. It falls closer t o  petroleum asphaltene than coal asphaltene, since the 
majority of the l a t t e r  is less than 0.5. I n  contrast ,  the  c lus t e r  compaction 
Parameter, &/CA or HOC, of shale o i l  asphaltene is higher and closer t o  coal 
asphaltene than t o  petroleum asphaltene. The value of FII/CA f o r  petroleum as- 
phaltene ranges from 0.3 t o  0.5 and those f o r  c o d  asphaltenes 0.6 t o  0.8. 
It IS recognized that coal asphaltene contains more or less smaller kata- 
condensed cluster.18 
h ~ . ~ ~ * ~ ~  
such high values is possibly the higher contents of nitrogen a t m s  i n  the 
System which may effect  the computation; other reasons being the  assumption of 
X, Y coefficents of 2. 
or Cs/Csu fo r  the shale asphaltene is medium-sized, i .e .  between 2 t o  3 carbons. 
For cmparlson, the coal asphaltene is about 1 t o  2 carbon atams (methyl or 
ethyl); and the petroleum asphaltene is 4 t o  6 carbon a tms .  
NHR data alone, one can s t a t e  that the shale oil asphaltene contains heavily 
substituted linked or kata-condensed system.16 
substituents average between 2 t o  3 carbons. 

studied (RO) , them is actually e i ther  the long-chain paraffin or substituent 
present as  indicated by the sharp bands a t  3.70 and 4.15 A by X-ray diffraction. 
This is further supported by the observation of  polymethylene peak i n  the in- 
frared spectra of RO asphaltene. In  predous w k, such crys ta l l ine  sharp peaks 
have been found i n  a few petroleum asphaltenes,E especially when asphaltene 
has un3ergone thermal processing by visbroken process, 
coker processing of shale o i l  may a lso  f o n  considerable amount of paraffins 
which a re  copmcipitated down with other asphaltene molecules. 

The petroleum asphaltene has la rge  , peri-cordensed sys- 
The value of 1.0 or 0.95 is  not possible; one of the  reasons of 

Another parameter, the substituents chain length, Nsc 

I n  general, fo r  

The system is small and the 

What is more s t r ik ing  i s  the fact  t ha t  i n  one of t b s h a l e  oil asphaltenes. 

A t  present the delayed 

The layer diameter fo r  the shale oil asphaltene is 7-12 A by Diamond's 
cume fi t t ing of the X-ray diffraction data. 
data i n  which the aromatic number varies from 1 t o  3. The inconsisting data 
between number of aromatic carbons per molecule and ring number per molecule 
probablyaredue t o  the high content of nitrogen atoms i n  the system. 

This  value is compatible t o  NMR 

The hlgh nitrogen content of shale oil asphaltene could a f f ec t  the mineral 
content or ash content i n  asphaltenes. 
the surface and colloidal nature of shale oil t o  fonn emulsions with water, 
N m l l y ,  the hydrogen bonding is found both i n  shale o i l  asphaltene and i n  coal 
asphaltene. 
Ilydrogen bonding i n  shale o i l  asphaltene a l so  ori@Mtes from i t s  high content 
of nitrogen, 

T h i s  property a l so  will contribute t o  

Purified petroleum asphaltene does not possess hydrogen bonding. 

Authors are appreciative t o  the supports of ZRDA's contracts E(@-18)-2031, 
E(29-2)-3758, A.G.A. grant number B R 4 8 - 1 2  and NSF's energy traineeship. 
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Carbon 75.58 81.25 79.73 
BFlraE." 7.51 8.2b 8.17 
Ilitroq.n 3.41 4.n 3.49 
Sa-+ o.n  o.et ?.is 
c=sF..+ 6.73 3.04 0.Yi 
Ash 5.99 2.35 2.82 

A t d c  ?.atto 

s k  
TIC 
s IC 
O k  

1.19 1.22 1.23 
0.49 0.M 0 . 0 Y  
0.m 0.004 0.035 
0 . 6 7  o.ms a.wA 

Ydl0cd.r x.:.4 

769 630 60s 

p.oirleal F o r d s  

cjo.1 a59.4 Q.0 03.4 50.2 

w3.7 a52.7 4.0 q . 2  so.2 

$1.3 550.5 4 . 6  9.3 s0.2 

TABLE III Aromaticity ard Crystallite 
Pirumtars for Shale oil by 
I-Ray MIrrsctlon 

hphnltene E E E 
ra 0.39 0.43 0.42 

w 3.57 3.57 3.57 

df 4.17 4.41 4.41 

L+ 15 15 16 

U 5 5 5  
4 i . b  19 13  20 

k.,C 12 7 12 

TMLE II Sdquant i tat ive  Analysis of K 0 M 5  
irPa S h l e  M1 Asphnltnos ( p p )  

Asphaltens E ps p.c 
SI 12.ooO 25.000 10.300 

P O  130 1.500 uo 

IS 15 230 21 

c. 620 8 

Na fUl 50 TR 50 XI 50 

A 1  8 91 9l 

Aa 47 59 74 

Ni 62 52 68 

V 8 5 4 

CII P 9 3 6  

100 m 10 1bO Zn 

CO 4.1 15 6.8 

Ioss on Ier2tian (41 

m.2 94.1 57.7 

WI.5 Iy Values for Structwal Parmeten of 
Sb.10 *rphnltaMS f m  !2!% 24b 

ASDhdt0n0 2 
fa. 0.49 0.50 0.47 

ob 0 . 8  0.62 0.56 

AoCe 1.m 0.95h 0.86 

C u d  20.L 20.4 20.7 

C S R ~  l l . 8  ll.9 8.6 

W u f  1.03 1.52 3.& 

FscS 2.10 2.23 3.13 

~~ ~ 

aArocatlcity; b e q r e e  of Substitution as Csu/!?r 
C A t l c  wmqeo t o  carbon ratio of the hypo- 
thetical unsubstitutd ircrmtlc portion. HI/CA 
dTotal mnbr aE arcmatic rinq carbon per uols- 
culei .Total rrmber of substituted nraut ic  
ring carbon per nolaculsi f ~ o t a l  nunber of are- 
nutlo ring por moleQul01 UAvsnpa mber of 
carbon a t m s  per raturatpd substituent, CS/CSIJ 
hsd  on coerflcienta X. T of 2. 
2. this vrluu k i l l  be conaidenbly less .  

If nom em 

123 



* .  - .  . .  - .  

* .  
9 

0 e 16 24 32 40 

ml 

Fig.  1. Molecular Weight Distribution Patterns of 
three Shale Oil Asphaltenes Determined from 
WLC. (the lower numbers of elution volume 
represents higher molecular weight). 

WAvEmmBfR I d 1  

Fyg.2. Infrared Spectrum of a Paraho Syncrude Asphaltene. 
(KBr Solid Phase). 
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Fig. 4. x-ray Diffraction 
Sean of the Medium Anele 

Pie. 3. Aromatic C-H Redon of a Residue 6l.l 
~ -- - -  

Bellding Vibrations 
of Three Shale oil 
Asphaltenes. 

Asphaltene fram a Delayed 
Coker. (Sharp Bands 
M i c a t e  Crystalline 
Peeks 1. 

70 60 an 10 a0 Lo LO M 6 
WUOI 

f ig .  5. Proton NMR Spectrum of a Paraho Syncrude Asphaltene. 
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